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INTRODUCTION 



Sir: 



This is an appeal to the Board of Patent Appeals and Interferences of the final 
rejection of all claims pending in the subject application. This Brief is in furtherance of 
Applicants' Notice of Appeal under 37 C.F.R. § 41.31 and Pre-Appeal Request, filed 
July 5, 2007, and the Final Office Action of June 4, 2007. This Brief is filed within two 
months of the date of the filing of the Notice of Appeal. Thus, no extension of time is 
believed to be due. However, if any extension is required, please consider this a 
request therefor. The requisite fee of $500 for this Brief is enclosed. The 
Commissioner is authorized to charge any additional fees or credit any overpayment to 
Deposit Account 50-1 51 3. 

CERTIFICATE OF EFS-WEB TRANSMISSION 

I hereby certify that this correspondence is being transmitted to the U.S. Patent and Trademark Office via EFS- 

Web on the date indicated below. 
/Michelle E. Kandcer/ September 5, 2007 

Michelle E. Kandcer Date 
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1. REAL PARTY IN INTEREST 

The real party in interest is the owner of the present application, AT&T Mobility II 
LLC of 5565 Glenridge Connector, Atlanta, Georgia 30342. 

2. RELATED APPEALS AND INTERFERENCES 

There are no other known appeals or interferences that will directly affect, or be 
directly affected by, or have a bearing on the Board's decision in this Appeal. 

3. STATUS OF CLAIMS 

Claims 1-30 remain in this Application and stand finally rejected. The appealed 
claims are claims 1-30. 

4. STATUS OF AMENDMENTS 

No amendments after final were filed. 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed invention of independent claim 1 relates generally to a method 30 
for forecasting growth of a wireless telecommunications system (see Fig. 2). The 
growth forecasting method 30 includes the step 32 of determining the current voice and 
data traffic level for the wireless system, the step 36 of determining current minutes of 
use (MOU) for the current wireless system, the step 38 of estimating future MOU for the 
wireless system, and the step of forecasting a future traffic level for the wireless system 
based on the system's current traffic, current MOU, and future estimated MOU (pages 
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5-6, paragraphs 0021 - 0023). Thus, the invention of claim 1 uses two different metrics 
to forecast the future traffic level: current traffic level and current MOU. The current 
traffic level represents the sum of the average traffic for all system sectors. In short, the 
system traffic level is a "snapshot" of the system traffic at a particular time (or duration 
of time). The current MOU represents the cumulative minutes used by the subscribers 
over a given period of time. 

If an analogy were to be drawn to traffic on a highway, then the system traffic 
would be analogous to the number of cars on the highway at a peak hour. The highway 
can only accommodate a certain number of vehicles at any given time, and thus, its 
capacity is a limiting factor. The current MOU would be analogous to the number of 
miles driven by all the drivers on the highway for a given period of time, such as a week. 
Clearly, the metric representing MOU is very different from the metric representing the 
average system traffic at any given moment. 

The claimed invention of independent claim 17 relates generally to an apparatus 
72 for forecasting growth in a wireless telecommunications system, wherein the wireless 
telecommunications system includes a plurality of system sectors (see Fig. 4). The 
apparatus includes a computer 74 having a processor 82 that executes at least one set 
of instructions, a memory device 84 coupled to the processor for storing the instructions 
to be executed, and an input device 86 coupled to the processor and the memory 
device for receiving input data including current traffic data and current MOU data. The 
instructions stored in the memory device 84 in the computer 74 cause the processor 82 
to (1) determine the current system traffic level for the wireless telecommunications 
system based on the current traffic data; (2) determine the current minutes of use 
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(MOU) for the wireless telecommunications system based on the current MOU data, the 
current MOU being the number of minutes used over a given period of time; (3) 
estimate future MOU for the wireless telecommunications system based on the current 
traffic data and the current MOU data; and (4) forecast the future system traffic level for 
the wireless telecommunications system based on the current system traffic level, the 
current MOU and the estimated future MOU. (pages 11-12, paragraphs 0042 - 0044). 

The claimed invention of independent claim 22 relates generally to a computer 
readable medium encoded with a computer program for forecasting growth in a wireless 
telecommunications system. The computer program is embodied on the computer 
readable medium and includes (1) code for determining the current system traffic level 
for a wireless telecommunications system based on current traffic data received by the 
computer; (2) code for determining the current minutes of use (MOU) for the wireless 
telecommunications system based on current MOU data received by the computer, the 
current MOU being the number of minutes used over a given period of time; (3) code for 
estimating the future MOU for the wireless telecommunications system based on the 
current traffic data and the current MOU data; and (4) code for forecasting the future 
system traffic level for the wireless telecommunications system based on the current 
system traffic level, the current system MOU and the estimated future MOU. (pages 11- 
12, paragraphs 0042 - 0044). 

The claimed invention of independent claim 26 relates generally to a system 70 
for forecasting growth in a wireless telecommunications system, wherein the wireless 
telecommunications system includes a plurality of system sectors. The system 70 
includes a computer 74 having a processor 82, a memory device 84 coupled to the at 
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least one processor for storing at least one set of instructions to be executed, and an 
input device 86 coupled to the processor and the memory device for receiving input 
data including current traffic data and current MOU data, (page 11, paragraphs 0042 - 
0043). The computer 74 is operative to execute the instructions, which are stored in the 
memory device 84 in the computer and which cause the processor 82 associated 
therewith to (1) determine the current system traffic level for the wireless 
telecommunications system; (2) determine the current minutes of use (MOU) for the 
wireless telecommunications system, the current MOU being the number of minutes 
used over a given period of time; (3) estimate the future MOU for the wireless 
telecommunications system; and (4) forecast the future system traffic level for the 
wireless telecommunications system based on the current system traffic level, the 
current system MOU and the estimated future MOU. (pages 11-12, paragraph 0044). 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The grounds of rejection to be reviewed on appeal are: 

(1) Whether claims 1 - 9, 12, and 14 - 30 are unpatentable under 35 U.S.C. 
§1 02(e) as being anticipated by U.S. Patent No. 7,142,868 of Broyles et a/.; and 

(2) Whether claims 10, 11, and 13 are unpatentable under 35 U.S.C. §1 03(a) 
over Broyles et al. 
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7. ARGUMENT 

(1) Rejection of Claims 1-9. 12, and 14-30 Under 35 U.S.C. §102(e) 

Claims 1-9, 12, and 14-30 stand finally rejected under 35 U.S.C. § 102(e) as 
being anticipated by U.S. Patent No. 7,142,868 of Broyles et al. This rejection is 
erroneous and cannot be sustained. 
Claims 1-7, 15. and 17-30 

Broyles et al. simply does not disclose, teach or suggest using two different 
metrics to forecast the future traffic level, as claimed independent claims 1, 17, 22 and 
26. The first metric is the current traffic level, which represents the sum of the average 
traffic for all system sectors. In short, the system traffic level is a "snapshot" of the 
system traffic at a particular time (or duration of time). The second metric is the current 
MOU, which represents the cumulative minutes used by the subscribers over a given 
period of time. Broyles et al. uses only a traffic level, or "Erlang traffic", but does not 
disclose using any cumulative minutes used (i.e., MOU) by the subscribers of the 
system as a metric to forecast a future traffic level. For example, in claim 1 the 
following features are claimed but nowhere disclosed in Broyles et al.: 

(1) "determining the current minutes of use (MOU)..."; 

(2) "estimating the future minutes of use (MOU)..."; 

(3) forecasting the future system traffic based on "the current system MOU"; and 

(4) "the estimated future MOU". 

Thus, claim 1 recites at least four features not found in the Broyles reference. 
The remaining independent claims 17, 22, and 26 all recite similar features. Moreover, 
in the claims the Applicants recite both "system traffic" and "minutes of use (MOU)". 
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Those skilled in the art might well equate "system traffic" with the "Erlang traffic" 
disclosed in the Broyles reference. But it strains credibility to argue that the "Erlang 
traffic" of Broyles et al. could also be considered to be the separate and different 
quantity of "minutes of use (MOU)" recited in the claims. 

In the Final Office Action of June 4, 2007, the Examiner cites to passages in 
Broyles that relate to erlang traffic. However, Applicants reiterate that erlang traffic is a 
metric that is quite different from the MOU metric. Broyles forecasts growth by using 
only metrics related to erlang traffic. However, there is just simply no mention in 
Broyles of using current or future MOU to estimate growth. For at least these reasons, 
Applicants respectfully requests that the §1 02(e) rejection of claim 1 be withdrawn. 

The remaining independent claims 17, 22, and 26 all recite using the current 
system traffic level and the current minutes of use as two metrics to forecast the future 
traffic level. Applicants respectfully submit that Broyles et al. does not disclose the use 
of any MOU measurement or estimation. Accordingly, Applicants respectfully request 
that the Examiner withdraw the §1 02(e) rejection of claims 17, 22, and 26. 

For at least the reason that claims 2-7, 15, 18-21, 23-25, and 27-30 incorporate 
the limitations of the independent claims from which they depend, these dependent 
claims are patentable over the art of record for at least the reasons set forth above with 
respect to the independent claims. Accordingly, Applicants respectfully request that the 
rejection of claims 2-7, 15, 18-21, 23-25, and 27-30 be withdrawn. 
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Claim 8 

For at least the reason that claim 8 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1. Moreover, Broyles does not disclose, teach, 
or suggest, "wherein the MOU in the wireless telecommunications system includes 
MOU during peak time periods and MOU during non-peak time periods, and wherein 
the basis for determining future MOU in the future MOU estimating step includes a 
growth factor for MOU during peak time periods," as recited in claim 8. As described 
above, Broyles does not even mention or use MOU in any manner. Accordingly, 
withdrawal of the rejection of claim 8 is respectfully requested. 

Claim 9 

For at least the reason that claim 9 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1. Moreover, Broyles does not disclose, teach, 
or suggest, "wherein the growth factor includes a ratio of an individual sector busy hour 
(ISBH) erlang growth factor to an MOU growth factor," as recited in claim 9. As 
described above, Broyles does not even mention or use MOU in any manner. 
Accordingly, withdrawal of the rejection of claim 9 is respectfully requested. 



Claim 12 

For at least the reason that claim 12 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
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above with respect to independent claim 1. Moreover, Broyles does not disclose, teach, 
or suggest, "wherein the future MOU estimating step includes estimating the number of 
future subscribers for the wireless telecommunications system," as recited in claim 12. 
As described above, Broyles does not even mention or use MOU in any manner. 
Accordingly, withdrawal of the rejection of claim 12 is respectfully requested. 

Claim 14 

For at least the reason that claim 14 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1. Moreover, Broyles does not disclose, teach, 
or suggest, "wherein the method further comprises forecasting growth in a wireless 
telecommunications system that uses a plurality of wireless transmission technologies, 
wherein the current system traffic level determining step, the current MOU determining 
step, the future MOU estimating step and the forecasting step all are performed for at 
least one of the plurality of wireless transmission technologies," as recited in claim 14. 
As described above, Broyles does not even mention or use MOU in any manner. 
Accordingly, withdrawal of the rejection of claim 14 is respectfully requested. 

Claim 16 

For at least the reason that claim 16 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1 . Moreover, Broyles does not disclose, teach, 
or suggest, "wherein the method further comprises forecasting growth in the wireless 
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telecommunications system for a first time period, wherein the future MOU estimating 
step further comprises determining future MOU for the first time period, and wherein the 
future data traffic level forecasting step further comprises forecasting future system 
traffic level based on the future MOU for the first time period, the current data traffic, 
and the current MOU," as recited in claim 16. As described above, Broyles does not 
even mention or use MOU in any manner. Accordingly, withdrawal of the rejection of 
claim 14 is respectfully requested. 

(2) Rejection of Claims 10, 11, and 13 under 35 U.S.C. 5103(a) 

Claims 10, 11, and 13 stand finally rejected under 35 U.S.C. §1 03(a) as being 
obvious over U.S. Patent No. 7,142,868 of Broyles et al. This rejection is erroneous 
and cannot be sustained. 

Claim 10 

For at least the reason that claim 10 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1 . Moreover, Broyles does not disclose, teach, 
or suggest, "wherein the future MOU estimating step further comprises estimating the 
future MOU in such a way that the resulting MOU estimation includes an MOU buffer 
amount," as recited in claim 10. As described above, Broyles does not even mention or 
use MOU in any manner. Thus, the invention of claim 10 cannot be obvious in view of 
Broyles because all limitations are not taught. Accordingly, withdrawal of the rejection 
of claim 10 is respectfully requested. 
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Claim 11 

For at least the reason that claim 1 1 incorporates the limitations of claim 1 , this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1. Moreover, Broyles does not disclose, teach, 
or suggest, "wherein at least one of the current system traffic level determining step and 
the current MOU determining step includes determining the number of current 
subscribers for the wireless telecommunications system," as recited in claim 11. As 
described above, Broyles does not even mention or use MOU in any manner. Thus, the 
invention of claim 1 1 cannot be obvious in view of Broyles because all limitations are 
not taught. Accordingly, withdrawal of the rejection of claim 10 is respectfully 
requested. 

Claim 13 

For at least the reason that claim 13 incorporates the limitations of claim 1, this 
dependent claim is patentable over the art of record for at least the reasons set forth 
above with respect to independent claim 1. Moreover, Broyles does not disclose, teach, 
or suggest, "wherein estimating the number of future subscribers for the wireless 
telecommunications system includes estimating the number of future subscribers in 
such a way that the resulting number of future subscribers includes a subscriber buffer 
amount," as recited in claim 13. Thus, the invention of claim 13 cannot be obvious in 
view of Broyles because all limitations are not taught. Accordingly, withdrawal of the 
rejection of claim 10 is respectfully requested. 
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CONCLUSION 

In view of the above and the attached appendices, the pending grounds of 
rejection cannot be maintained and all pending claims must be allowed. Any 
communication that may expedite allowance should be directed to Applicants' 
undersigned attorney at (770) 984-2300. 



Respectfully submitted, 

GARDNER GROFF 

GREENWALD & VILLANUEVA, P.C. 



/Michelle E. Kandcer/ 

Michelle E. Kandcer, Reg. No. 54,207 

Customer Number 39513 
GARDNER GROFF 
GREENWALD & VILLANUEVA, P.C. 
Tel: 770.984.2300 
Fax: 770.984.0098 
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8. CLAIMS APPENDIX 

1. A method for forecasting growth in a wireless telecommunications system, wherein 

the wireless telecommunications system includes a plurality of system sectors, the 
method comprising the steps of: 

determining the current system traffic level for the wireless telecommunications 
system; 

determining the current minutes of use (MOU) for the wireless 
telecommunications system, the current MOU being the number of minutes used over a 
given time period; 

estimating the future minutes of use (MOU) for a future period of time for the 
wireless telecommunications system; and 

forecasting the future system traffic level for the wireless telecommunications 
system based on the current system traffic level, the current MOU and the estimated 
future MOU. 

2. The method as recited in claim 1, further comprising the step of allocating the future 
system traffic level to the plurality of system sectors. 

3. The method as recited in claim 2, wherein the allocating step allocates the future 
system traffic level based on the percentage contribution of current system traffic level 
of the plurality of sectors to the total of the current system traffic level for the wireless 
telecommunications system. 
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4. The method as recited in claim 2, wherein the allocating step further comprises 
determining future equipment requirements for at least one of the plurality of system 
sectors. 

5. The method as recited in claim 1, further comprising the step of determining the 
impact of proposed relief sectors for the system. 

6. The method as recited in claim 1, further comprising the step of evaluating sector 
capacities relative to the available spectrum and the balance between coexisting 
technologies. 

7. The method as recited in claim 1, wherein the current system traffic level determining 
step includes determining the average traffic level per sector per time period for at least 
one of the plurality of system sectors. 

8. The method as recited in claim 1, wherein the MOU in the wireless 
telecommunications system includes MOU during peak time periods and MOU during 
non-peak time periods, and wherein the basis for determining future MOU in the future 
MOU estimating step includes a growth factor for MOU during peak time periods. 

9. The method as recited in claim 8, wherein the growth factor includes a ratio of an 
individual sector busy hour (ISBH) erlang growth factor to an MOU growth factor. 

10. The method as recited in claim 1, wherein the future MOU estimating step further 
comprises estimating the future MOU in such a way that the resulting MOU estimation 
includes an MOU buffer amount. 
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1 1 . The method as recited in claim 1 , wherein at least one of the current system traffic 
level determining step and the current MOU determining step includes determining the 
number of current subscribers for the wireless telecommunications system. 

12. The method as recited in claim 1, wherein the future MOU estimating step includes 
estimating the number of future subscribers for the wireless telecommunications 
system. 

13. The method as recited in claim 12, wherein estimating the number of future 
subscribers for the wireless telecommunications system includes estimating the number 
of future subscribers in such a way that the resulting number of future subscribers 
includes a subscriber buffer amount. 

14. The method as recited in claim 1, wherein the method further comprises forecasting 
growth in a wireless telecommunications system that uses a plurality of wireless 
transmission technologies, wherein the current system traffic level determining step, the 
current MOU determining step, the future MOU estimating step and the forecasting step 
all are performed for at least one of the plurality of wireless transmission technologies. 

15. The method as recited in claim 14, wherein the plurality of wireless transmission 
technologies includes Advanced Mobile Phone Service (AMPS), Interim Standard 136 
(IS-136), Time Division Multiple Access (TDMA), Global System for Mobile 
Communications (GSM), Code Division Multiple Access (CDMA). 
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16. The method as recited in claim 1 , wherein the method further comprises forecasting 
growth in the wireless telecommunications system for a first time period, wherein the 
future MOU estimating step further comprises determining future MOU for the first time 
period, and wherein the future data traffic level forecasting step further comprises 
forecasting future system traffic level based on the future MOU for the first time period, 
the current data traffic, and the current MOU. 

17. An apparatus for forecasting growth in a wireless telecommunications system, 
wherein the wireless telecommunications system includes a plurality of system sectors, 
the apparatus comprising: 

a computer for use in forecasting growth in a wireless telecommunications 
system, wherein the computer has at least one processor that executes at least one set 
of instructions, a memory device coupled to the at least one processor for storing the at 
least one set of instructions to be executed, and an input device coupled to the at least 
one processor and the memory device for receiving input data including current traffic 
data and current MOU data, 

wherein the instructions stored in the memory device in the computer cause the 
at least one processor to 

determine the current system traffic level for the wireless telecommunications 
system based on the current traffic data, 

determine the current minutes of use (MOU) for the wireless telecommunications 
system based on the current MOU data, the current MOU being the number of minutes 
used over a given period of time, 
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estimate future MOU for the wireless telecommunications system based on the 
current traffic data and the current MOU data, and 

forecast the future system traffic level for the wireless telecommunications 
system based on the current system traffic level, the current MOU and the estimated 
future MOU. 

18. The apparatus as recited in claim 17, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to allocate the future 
system traffic level to the plurality of system sectors. 

19. The apparatus as recited in claim 18, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to allocate the future 
system traffic level to the plurality of system sectors, and wherein the allocation includes 
determining future equipment requirements for at least one of the plurality of system 
sectors. 

20. The apparatus as recited in claim 17, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to determine the impact 
of proposed relief sectors for the system. 

21. The apparatus as recited in claim 17, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to evaluate sector 
capacities relative to the available spectrum and the balance between coexisting 
technologies. 
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22. A computer readable medium encoded with a computer program for forecasting 
growth in a wireless telecommunications system, the computer program being 
embodied on the computer readable medium, the program comprising: 

code for determining the current system traffic level for a wireless 
telecommunications system based on current traffic data received by the computer, 

code for determining the current minutes of use (MOU) for the wireless 
telecommunications system based on current MOU data received by the computer, the 
current MOU being the number of minutes used over a given period of time, 

code for estimating the future MOU for the wireless telecommunications system 
based on the current traffic data and the current MOU data, and 

code for forecasting the future system traffic level for the wireless 
telecommunications system based on the current system traffic level, the current 
system MOU and the estimated future MOU. 

23. A computer readable medium encoded with a computer program as recited in claim 
22, further comprising code for allocating the future system traffic level to the plurality of 
system sectors. 

24. A computer readable medium encoded with a computer program as recited in claim 
22, further comprising code for determining the impact of proposed relief sectors for the 
system. 



1 9 PATENT 
Serial No. 10/811,342 
Attorney Docket No. 8C20. 1-270 

25. A computer readable medium encoded with a computer program as recited in claim 
22, further comprising code for evaluating sector capacities relative to the available 
spectrum and the balance between coexisting technologies. 

26. A system for forecasting growth in a wireless telecommunications system, wherein 
the wireless telecommunications system includes a plurality of system sectors, the 
system comprising: 

at least one computer interconnected in a network for use in forecasting growth 
in the wireless telecommunications system, the plurality of computers having 
at least one processor, 

a memory device coupled to the at least one processor for storing at least 
one set of instructions to be executed, and 

an input device coupled to the at least one processor and the memory 
device for receiving input data including current traffic data and current MOU data, 

wherein at least one computer is operative to execute the at least one set of 
instructions, and the at least one set of instructions stored in the memory device in the 
at least one computer causing the at least one processor associated therewith to: 

determine the current system traffic level for the wireless 
telecommunications system; 

determine the current minutes of use (MOU) for the wireless 
telecommunications system, the current MOU being the number of minutes used over a 
given period of time, 

estimate the future MOU for the wireless telecommunications system, and 
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forecast the future system traffic level for the wireless telecommunications 
system based on the current system traffic level, the current system MOU and the 
estimated future MOU. 

27. The system as recited in claim 26, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to allocate the future 
system traffic level to the plurality of system sectors. 

28. The system as recited in claim 26, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to allocate the future 
system traffic level to the plurality of system sectors, and wherein the allocation includes 
determining future equipment requirements for at least one of the plurality of system 
sectors. 

29. The system as recited in claim 26, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to determine the impact 
of proposed relief sectors for the system. 

30. The system as recited in claim 26, wherein the instructions stored in the memory 
device in the computer further cause the at least one processor to evaluate sector 
capacities relative to the available spectrum and the balance between coexisting 
technologies. 
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9. EVIDENCE APPENDIX 

No evidence pursuant to 37 C.F.R. §§ 1.130, 1.131, or 1.132 was entered by the 
Examiner and relied upon the Appellant in the appeal. 

Other "evidence" entered by the Examiner and relied on by the Appellant in this 
appeal includes: 

(1) U.S. Patent No. 7,142,868 of Broyles et at. 
A copy of this reference is included herewith. 
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US007142868B1 

(12) United States Patent do Patent No.: us 7,142,868 Bl 

Broyles et al. (45) Date of Patent: Nov. 28, 2006 



(54) METHOD AND SYSTEM FOR PREDICTING 
WIRELESS COMMUNICATION SYSTEM 
TRAFFIC 

(75) Inventors: Dan Broyles, Olathe, KS (US); Jeff 
Cox, Kansas City, MO (US) 



(73) Assignee: Sprint Spectrur 

KS (US) 



L.P., Overland Park, 



( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 500 days. 

(21) Appl. No.: 10/127,225 

(22) Filed: Apr. 22, 2002 

(51) Int. CI. 

H04Q 7/20 (2006.01) 

(52) U.S. CI 455/453; 455/446; 455/423; 

455/418 

(58) Field of Classification Search 455/429, 

455/446, 453, 418-420, 422.1, 423, 447, 
455/449, 450^152.2, 67.11 
See application file for complete search history. 
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ABSTRACT 



A method and system for predicting wireless communication 
system traffic is provided. Inputs, such as current wireless 
system traffic and expected future market traffic, are input 
into a system. The system can use the expected future market 
traffic to extrapolate from the current wireless system traffic 
to establish a future expected wireless system traffic esti- 
mation. The system may also identify capacity problems 
within the future expected wireless system due to unbal- 
anced traffic loading or overloading of traffic within the 
future expected wireless system. 

20 Claims, 7 Drawing Sheets 
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Receiving into a computer current network inputs 
of a network. 


— 402 








Receiving into the computer expected future 
network inputs of the network. 


— 404 








Extrapolating from the current network inputs so 
as to establish an extrapolated future network 
configuration of the network. 


— 406 








Identifying expected loading problems in the 
network as the network transitions from the current 
to the extrapolated future network configuration. 


— 408 








Displaying a graphical representation of the 
extrapolated future network configuration, 
illustrating the loading problems. 


— 410 
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METHOD AND SYSTEM FOR PREDICTING 
WIRELESS COMMUNICATION SYSTEM 
TRAFFIC 

BACKGROUND 5 

A. Field of Invention 

The present invention relates to wireless systems, and 
more particularly, to a system and method for predicting 
wireless network traffic. 10 

B. Description of Related Art 

Wireless systems, such as cellular wireless systems or 
personal communication systems (PCS), are growing due to 
an increase of mobile subscribers. Worldwide public 
demand, availability of cost-effective technology, and recent 15 
regulatory actions have all contributed to this growth of 
wireless telecommunications. With an increase in telecom- 
munications traffic, infrastructures of cellular wireless sys- 
tems may need to be reconfigured. 

The infrastructure of a cellular wireless system may be 
reconfigured in many ways, such as by reallocating 
resources, reconfiguring cell sites, or by adding wireless 
communication equipment, such as a base transceiver sta- 
tion (BTS), a base station controller (BSC), or additional 
antennas for a BTS. Many factors must be considered for 
allocating wireless communication equipment, such as 
availability of base station sites, available telecommunica- 
tion traffic capacity at each base station, and wireless service 
quality at various high telecommunication traffic areas. ^ 

Each cell site of a wireless system has a BTS, which 
typically consists of a tower, antennas, and a small building 
containing radio equipment. The antennas provide a radia- 
tion pattern that defines a coverage area, which has sectors 
that define regions of wireless signal coverage. The coverage 35 
area of a BTS may be reconfigured as well to provide service 
to additional areas. In addition, an increase in cell sites may 
be necessary to support an increase in wireless telecommu- 
nication traffic. New cell sites may be necessary in rural 
areas, whereas existing wireless cell sites may require cell 40 
site splitting in urban areas. 

Cell sites can be allocated in a manner such that a large 
percentage of mobile station subscribers can obtain a suffi- 
cient signal strength to achieve an acceptable quality of 
service (QoS). QoS can be affected by many factors includ- 4j 
ing transmission path obstruction, cell site overlap (e.g., 15 
percent is normal), and system redundancy. The maximum 
distance that a mobile station can be located from a cell site 
while still achieving acceptable service reliability should 
also be considered. Several network parameters may be 50 
analyzed to determine such a distance including carrier-to- 
noise ratios (CNRs), self-repeat site interference, and/or fade 
margins. 

In planning a wireless system, call models and subscriber 
forecasts may dictate expected growth of telecommunica- 55 
tion usage. Wireless system planning tools available today 
focus primarily on optimizing a present wireless system, or 
locating optimal positions for a new cell site. Such tools 
cannot predict future capacity problems and/or estimate 
future telecommunication traffic on a wireless system. 6 o 

Typically, design and implementation of a new cell site 
requires a substantial period of time. Implementation 
requires selecting a suitable location for the cell site, obtain- 
ing city permits and approvals, constructing the cell site, 
creating backhaul circuits for the cell site, and testing the 65 
cell site. A capacity problem may arise prior to completion 
of the new cell site. Therefore, planning for future capacity 



2 

problems in a wireless network may be desirable in order to 
implement new cell sites before a capacity problem occurs. 

SUMMARY 

In one aspect, a method and system of predicting wireless 
communication system traffic is provided. Generally speak- 
ing, a computer system receives parameters indicative of 
current network configuration, such as locations of network 
components and measures of air interface and switch traffic 
throughout the network. Based on those parameters, the 
system may then display a graphical representation of the 
current network configuration on a graphical user interface 
(GUI) on a computer screen. 

In another aspect, the computer system receives param- 
eters indicative of capacity demands in the future, such as 
expected levels of traffic and expected changes in a market 
(such as population growth for instance). The computer 
system may categorize the parameters according to market 
and cell site growth level groups. Also, the system may 
receive a user selection of a date or time in the future. The 
system may then use the information about future capacity 
demands to extrapolate from the current network configu- 
ration, so as to determine what the network configuration 
may need to be at the selected future date or time. Aid the 
system may then display a graphical representation of that 
future expected network configuration. In addition, the sys- 
tem may also determine problems within the future expected 
network configuration and depict those problems graphi- 
cally on the display of the future expected network configu- 

These as well as other features and advantages of the 
present invention will become apparent to those of ordinary 
skill in the art by reading the following detailed description, 
with appropriate reference to the accompanying drawings. 

BRIEF DESCRIPTION OF FIGURES 

Presently preferred embodiments of file invention are 
described below in conjunction with the appended drawing 
figures, wherein like reference numerals refer to like ele- 
ments in the various figures, and wherein: 

FIG. 1 illustrates one embodiment of a block diagram of 
a wireless communication system; 

FIG. 2 illustrates one embodiment of a conceptual cell site 
configuration; 

FIG. 3 illustrates one embodiment of a system; 

FIG. 4 illustrates a flowchart depicting functional blocks 
of a method according to one embodiment; 

FIG. 5 illustrates a flowchart depicting functional blocks 
of a method according to one embodiment; 

FIG. 6 illustrates one embodiment of a graphical repre- 
sentation of the wireless communication system of FIG. 1; 
and 

FIGS. 7-8 illustrate components of the graphical repre- 
sentation of FIG. 6. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

In accordance with an exemplary embodiment, a method 
and system for managing capacity in a wireless communi- 
cation system, such as a cellular communication network for 
instance, is desired. Referring to FIG. 1, a block diagram 
illustrating a wireless communication system 100 is pro- 
vided. It should be understood that this and other arrange- 
ments described herein arc set forth for purposes of example 
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only, and other arrangements and elements can be used 
instead and some elements may be omitted altogether. 
Further, as in most telecommunications applications, those 
skilled in the art will appreciate that many of the elements 
described herein are functional entities that may be imple- 5 
mented as hardware, firmware and/or software, and as 
discrete components or in conjunction with other compo- 
nents, in any suitable combination and location. 

By way of example, the wireless communication system 
100 is shown to include a mobile station (MS) 102 in to 
communication via an air interface 104 with a base trans- 
ceiver station (BTS) 106, which is coupled to a base station 
controller (BSC) 108. Mobile stations including cellular 
telephones, personal digital assistants (PDA), wireless 
modems, or other mobile nodes may be used in accordance 15 
with the wireless communication system 100. BTS 106 
includes one or more antenna elements arranged to produce 
radiation patterns defining one or more sectors. Additional 
B'fSs 110, 112 coupled to BSC 108 are also illustrated. 
Although three BTSs are illustrated within FIG. 1, it will be 20 
understood that more or fewer BTSs may be present within 
the wireless communication system 100. BSC 108 is an 
interface between BTSs 106, 110, 112 and a mobile switch- 
ing center (MSC) 114. BSC 108 also handles radio resource 
management and radio network management functions for 25 
BTSs 106, 110, and 112. 

In this example, BSC 108 is coupled to MSC 114. BSC 
108 is also coupled to a packet data service node (PDSN) 
116, which provides connectivity to an Internet protocol (IP) 
network 118. In another embodiment, BSC 108 may be 30 
omitted altogether, and the MSC 114 may be coupled to the 
BTSs 106, 110, and 112. MSC 114 is coupled to the IP 
network 118 through a short message service center (SMSC) 
120 and an uplink server 122. MSC 114 is also coupled to 
the public switched telephone network (PSTN) 124. MSC 35 
114 performs signaling functions to establish wireless con- 
nections between the MS 102 and the IP network 118 and the 
PSTN 124. MSC 114 also allows connectivity to multiple 
switching platforms. SMSC 120 provides telephony services 
such as electronic messaging, digital paging, voice mail 40 
notification, and other services, hi addition, SMSC 120 may 
provide subscription information delivery services, such as 
broadcast stock quotes, sports scores, or weather updates. 
Each of the couplings of the wireless communication system 
100, excluding the air interface 104, may be interfaces such 45 
as a trunk level 1 (Tl) line, an Ethernet line, a signaling link, 
or other connections. 

The BTSs illustrated in system 100 may be divided 
geographically into a number of cell sites, each defined by 
a radio frequency (Hi') radiation pattern from respective so 
BTS antennas. The cell sites may be further divided geo- 
graphically into a number of sectors, each defined respec- 
tively by radiation patterns from directional antennas of the 
respective BTS. The radiation pattern defining the sector 
usually includes a beam width of 120°. However, any beam 55 
width may be used, and any number of sectors may be 
employed with BTSs 106, 110, and 112. Sectors can be 
referred to as "physical sectors," since they are physical 
areas of a cell site. Therefore, at any given instant, an MS in 
the wireless system 100 will typically be in a given sector 
and will be able to communicate with the IP network 118 or 
the PSTN 124 via the BTS serving that sector. 

The sectors of a BTS define the coverage area of the BTS. 
The coverage area may be the maximum distance that a 
mobile station can be located from a BTS while still achiev- 
ing acceptable wireless signal transmission. BTSs are allo- 
cated throughout an area in a manner such that a mobile 



station may travel through the area without losing a signal. 
For instance, as a mobile station moves from one cell site to 
another in a wireless communication system, the serving 
BTS changes periodically. Each changeover is known as a 
handoff, which enables the mobile station to maintain an 
acceptable wireless signal channel. 

An example conceptual cell site configuration 200 is 
illustrated in FIG. 2. The cell site configuration 200 includes 
BTSs having coverage areas 202, 204, 206, 208, 210, 212, 
214, 216, and 218. Each coverage area may be modeled as 
a hexagon. BTSs may be positioned throughout an area in a 
manner such that each hexagon abuts another, although 
overlap may also exist to provide a higher quality of service. 
Alternatively, BTSs may be positioned further apart from 
one another in order to provide wireless services to a larger 
area. An MS may travel through the cell site configuration 
200 and communicate with each BTS or only a portion of the 
BTSs within the configuration 200. 

Communications between an MS and a BTS may include 
voice communications and data communications. As used 
herein, voice communications may refer to Erlang traffic 
and/or voice traffic, and data communications may refer to 
throughput traffic and/or data traffic. Erlang traffic is a 
measurement of telephone conversation traffic where one 
Erlang is equal to one full hour of conversation. Erlang 
traffic can also include measurements of throughput/data 
traffic. Throughput traffic is a function of bandwidth, error 
performance, congestion, and other factors, and is associated 
with data transmission. 

Existing wireless communication networks may have 
inadequate and/or over-loaded coverage areas in certain 
geographic areas or under-loaded coverage in other geo- 
graphic areas. As more mobile stations enter into a wireless 
communication system, more BTSs may be installed in a 
given region, and adequate coverage and service can be 
obtained. Alternatively, voice and data traffic may be real- 
located to under-loaded BTS cell sites. 

FIG. 3 illustrates one embodiment of a system 300 to plan 
a configuration of a wireless communication system. System 
300 may include current network input(s) 302, expected 
future network input(s) 304, a computer 306, and a display 
316. The current network input(s) 302 and the expected 
future network input(s) 304 are input into the computer 306 
through an interlace 308. The interface 308 may be a 
standard keyboard, however other interfaces may also be 
used. The computer 306 also contains a processing unit 310 
which may perform an extrapolation function 312 and an 
identification of capacity problem function 314. The com- 
puter 306 outputs a graphical representation of the network 
on the display 316. The display 316 may be a standard 
computer screen or other displays. 

Functionality of the computer 306 illustrated in FIG. 3 
may be provided using software with object-oriented 
machine language instructions and techniques, such as the 
C++ programming language. However, other programming 
languages such as the C programming language could be 
used as well. 

The computer 306 may receive the inputs 302, 304 using 
a graphical user interface (GUI). Other operating environ- 
ments may be used as well that have the processing unit 310, 
and possibly a memory system. The operating environment 
may be any suitable commercially available embedded or 
disk-based operating system, or any proprietary operating 
system. Hie processing unit 310 may consist of one or more 
smaller processing units, including, for example, a program- 
mable digital signal processing engine. The processing unit 
310 may also be implemented as a single application specific 
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integrated circuit (ASIC) to improve speed and to econo- 
mize space. The processing unit 310 may perform acts and 
operations referred to as being "computer executed" or 
"CPU executed." The processing unit 310 may be execut- 
able to perform functions to operate a system that has 5 
communications software, firmware, or hardware for imple- 
menting various functions of the computer system. 

Storage (not illustrated) may also be included within the 
computer 306 and may include mam memory and secondary 
storage. The main memory may include random access 10 
memory (RAM). Main memory can also include any addi- 
tional or alternative memory device or memory circuitry. 
Secondary storage can be provided as well and may be 
persistent long term storage, such as read only memory 
(ROM), optical or magnetic disks, organic memory, com- 15 
pact-disc read only memory (CD-ROM), or any other vola- 
tile or non-volatile mass storage systems. 

According to an exemplary embodiment, a method 400 
for managing traffic in a wireless communication network is 
illustrated in FIG. 4. The method 400 may involve the 20 
following, each of which is described in the sections below: 
(i) the computer 306 may receive current network inputs 302 
of a network as shown at block 402; (ii) the computer 306 
may also receive expected future network inputs 304 of the 
network as shown at block 404; (iii) using the expected 25 
future market inputs 304, the computer 306 may extrapolate 
from the current network inputs 302 so as to establish an 
extrapolated future network configuration of the network as 
shown at block 406; (iv) the computer 306 may identify 
expected loading problems that will arise in the network as 30 
the network transitions from the current network inputs 302 
to the extrapolated future network configuration as shown at 
block 408; and (v) the computer 306 may display a graphical 
representation of the extrapolated future network configu- 
ration as shown at block 410, including in the graphical 35 
representation indicia of the expected loading problems. 

As shown at block 402, the computer 306 receives current 
network inputs 302. Current network inputs 302 may 
include current network traffic information and can be 
determined according to present demands and performances 40 
of cell sites. In this regard, criteria may include number of 
sectors per cell site, number of carriers per cell site, and 
amount of current sector traffic or current cell site traffic, for 
instance. For example, sector traffic inputs may include 
Erlang traffic during a cell site high traffic time period, 45 
Erlang traffic during MSC or switch high traffic time period, 
throughput traffic, and other traffic inputs. Network infor- 
mation may include both voice and data traffic, and may be 
input per-sector or per-cell site. The input may take the form 
of a tabic per market, indicating average values of network 50 
traffic capacity demands on each cell site in each market. A 
market may include geographic areas such as a city, a 
suburb, and/or portions of a city or a suburb. 

As indicated at block 404, the computer 306 receives 
expected future network inputs 304. Expected future net- 55 
work inputs 304 can be determined from network forecasts 
or estimations which include: (i) how many subscribers are 
in a market, (ii) total Erlangs used per subscriber during 
busy hour, (iii) total amount of 2G data (i.e., percentage of 
subscribers which use 2G data transmission), (iv) total 60 
amount of 3G data (i.e., percentage of subscribers which use 
3G data transmission), and others, all of which are date 
bound. 

In addition, classification information may be entered by 
a user into the computer 306 as well and used to establish the 65 
extrapolated future network configuration. The classification 
information may be characterized as morphology settings. 



For instance, cell sites may be classified into groups of 
growth categories due to location and past performance. The 
classifications (e.g., morphology settings) may be based 
upon anticipated usage of the cell site as well. For example, 
if a shopping mall is to be built in an area in winch three cell 
sites are currently present, the amount of traffic on the three 
cell sites can be expected to increase substantially due to an 
anticipated increase in population from the shopping mall. 
Thus, the three cell sites may be classified as high growth 
cell sites. 

As another example, urban areas may have high popula- 
tion growth, and therefore may have a high voice traffic 
growth. As such, a cell site in an urban area can be 
characterized as a high traffic growth cell site. Example 
classifications or morphologies include low, medium, and 
high, having example growth rate percentages of 4%, 6%, 
and 8%. Any number of morphology groups may be used to 
further classify and provide distinctions between cell sites of 
a wireless communication system. 

After inputting the current and expected future network 
information, a user of the computer 306 then selects a future 
date (or relative offset date) to observe the effects of the 
inputs on the current network at the future date. The com- 
puter 306 then retrieves the inputs according to the selected 
date and extrapolates from the expected sector traffic and 
morphology configurations from current sector traffic infor- 
mation at the selected date to establish an expected future 
network configuration, as shown at block 408 in FIG. 4. 

The user can also observe the wireless communication 
network at various time periods in the future. For example, 
a first iteration may include a current model of a present 
wireless communication system in use, while second and 
third iterations may include models of the wireless commu- 
nication system two or three years into the future. Multiple 
iterations may also be viewed to display changes to the 
wireless communication network. 

As telecommunication traffic capacity problems appear, 
the user may interact with the computer 306 to eliminate 
these potential problems. For instance, the user may add 
carriers to a BTS, add BTSs, offload neighboring sectors, 
add sectors, pool carriers together, upgrade to smart anten- 
nas in order to modify the graphical representation of the 
network to establish a plan to eliminate capacity problems. 

In one embodiment, extrapolation of future expected 
traffic may be completed by totaling current voice and data 
traffic on all cell tes and categorizing the cell k ink 
groups based on the expected growth rate of traffic within 
the cell sites. The expected future market traffic may then be 
distributed among the groups based on the growth rates of 
the groups, and within each group, the expected future 
market traffic may be distributed among the sectors of each 

In another embodiment, extrapolation is completed by 
dividing the expected future market traffic into market- 
growth level groups, such as expected traffic level groups. 
For example, a high traffic level group may be established 
including cell sites thai are expected to have a large increase 
in voice and data traffic. Similarly, sectors of the cell sites 
may be assigned into sector-growth level groups. Each 
sector-growth level group may define a traffic growth rate, 
which corresponds to one of the market-growth level 
groups. An expected growth scaling factor can be computed 
using the sector and market growth level groups and applied 
to the sector-growth level groups to compute expected future 
growth rates for each of the sector-growth level groups. The 
growth scaling factor may be computed using a "conserva- 
tion of Erlang" algorithm described below. The expected 
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expected future pcr-si 
The growth cs 



n be applied to the 
;tors of the cell 
>r traffic, 
n function known 
n of Erlang" algorithm may be applied to determine a 
growth rate of cell sites. An expected future amount of 
market voice and data traffic is known, and input into the 
algorithm to allow a user to apply the expected traffic 
proportionately to cells with different classifications or mor- 
phologies. For example, a large traffic increase may be 
allocated to a cell site with a high estimated growth and a 
lower traffic increase may be allocated to a cell site with a 
low estimated growth. The algorithm ensures that a total 
expected growth increase fulfills expected traffic demands 
for a market, and also ensures that the increase does not 
exceed the traffic demands. 

In general, the conservation of Erlang algorithm may 
determine a percentage of Erlang traffic (both voice and data 
traffic) by which a cell site can expect to increase or 
decrease. The conservation of Erlang algorithm may esti- 
mate total expected Erlang traffic, allocate the Erlang traffic 
into groups correlating to previous traffic levels of cell sites, 
establish a growth rate of each group based on previous 
growth in traffic of the cell sites, and determine a percentage 
increase or decrease of Erlang traffic that is expected for a 
cell site within each group. The conservation of Erlang 
algorithm is a method for weighting the distribution of 
change in traffic. The 
assigns a growth rate to cell sii 
and in relation to an expected 
each cell site. 

An example of a consent 
shown below (Equation 1). Total expected Erlang traffic 
determined and divided (or allocated) into market level 
growth groups such as low, medium, and high Erlangs. A 
low, medium and high Erlang growth rate is also established 
based on previous growth performances. For example, sec- 
tors that have a history of growing between 3% and 5% per 
month may be grouped into one morphology with a growth 
rate of 4%. Finally, a percentage of Erlang traffic that a cell 
site within each group can expect to change is determined by 
solving the algorithm provided below. 



of Erlang algorithm 
relation to one another 
of Erlang traffic on 

of Erlang a 



TotalHigh is an amount of the current market traffic 
allocated for high growth cell sites (i.e., market level 
group high); and 
TotalExpectedFutureMarketTraffic is the expected market 

> traffic input. 

Equation 1 may be solved for the scaling factor, X, that is 
applied to the LowGrowth, MediumGrowth, and High- 
Growth coefficients to establish an expected percentage 
increase of Erlang traffic for the cell sites. TotalLow, Total- 
Medium, and TotalHigh are each values that are obtained 
from a present Erlang loading of the wireless communica- 
tion network, and each may be determined from a division 
of the current network information according to the sector- 
growth level groups. 

5 As an example, a system may have three cell sites, cell 
sites A-G, each characterized in a respective morphology. 
The system may be expected to support 100 Erlangs of 
traffic at a future date. Each cell site may presently support 
20 Erlangs of traffic. In addition, cell site A may have had a 
5% increase in traffic from the previous year, cell site B may 
have had a 10% increase, and cell site C may have had a 20% 
increase. Accordingly, setting LowGrowth to 5%, Medium- 
Growth to 10%, and HighGrowth to 20% and each of 
TotalLow, TotalMedium, and TotalHigh to 20 Erlangs and 

' solving Equation 1 for X results in a scaling factor of 
X=5.72. 

The scaling factor may then be applied to each of the 
sector-growth level groups (i.e., morphology) to compute 
expected future growth rates as shown below in Table 1 . 

TABLE 1 



t xX)xTotalLow+ * 
(I + McdiumGrowthxX)xTolalMedium + 
(1 + HighGrowthxX) x TotalHigh = 

TotalExpectedFutureMarketTraffic 



Where: 

X is a scaling factor for sector traffic; 

LowGrowth is a coefficient associated with a low mor- 
phology (i.e., a low growth rate); 

MediumGrowth is a coefficient associated with a medium 
morphology (i.e., a medium growth rate); 

HighGrowth is a coefficient associated with a high mor- 
phology (i.e., a high growth rate); 

TotalLow is an amount of the current market traffic 
allocated for low growth cell sites (i.e., market level 
group low); 

TotalMedium is an amount of the current market traffic 
allocated for medium growth cell sites (i.e., market 
level group medium); 



From Table 1, an estimate for future Erlang and data traffic 
40 on a cell site can be predicted. For example, cell site A 
presently supporting 20 Erlangs may have to support 
approximately 26 Erlangs (i.e., 20x28.6% increase=25.72) 
at the future date due to the expected percentage increase of 
traffic. By the same result, cell site B may have to support 
45 approximately 32 Erlangs (i.e., 20x57.2% increase=31.44), 
and cell site C may have to support approximately 43 
Erlangs (i.e., 20x114% increase=42.88) at the future date. 
Cell site C may have to support a larger percentage of the 
expected Erlang traffic (i.e., 100 total Erlangs at the future 
50 date) due to the morphology characterization of cell site C 
from the large increase of Erlang traffic in the past on cell 
site C. The conservation of Erlang algorithm ensures that 
substantially all expected Erlang traffic will be accounted for 
and distributed proportionately between cell sites A-C. For 
55 instance, in this example, 100 Erlangs of traffic were 
expected mi u i s) ten at i tl sites A-C. A prediction 
was made that cell sites A-C would support approximately 
26, 32, and 43 Erlangs respectively. Therefore, substantially 
all of the expected Erlang traffic was accounted for and 
60 distributed (i.e., 26+32+43=101 Erlangs). 

The computer 306 may also identify a current and/or 
expected percentage of cell site loading, which can illustrate 
current and/or future capacity problems due to cell over- 
loading. The current percentage of cell site loading may be 
65 determined according to Equation 2 provided below, and the 
future expected percentage of cell site loading may be 
determined according to Equation 3 provided below. 
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FIG. 5 illustrates one embodiment of a method 500 to 
present the graphical representation of the network on a 
CurremTraffic xl00 _ (/ ,r ce i lsil ,j mt!n Equation 2 display. Initially, the inputs according to current network 

( •apacltyofCclkite ~ " " ' " a m traffic and expected future network traffic are entered into a 

5 computer as shown at blocks 502 and 504. The inputs may 
be retrieved from a database connected to a computer or 
entered by a user. The computer may then graphically 
display the wireless communications network including 
' - i j >i i, iding Equation 3 individual cell sites, carriers per-cell site, sectors per-cell 

CapacityofCellsite 1Q ^ ^ traffic per-cell site and/or per-sector as shown at 

block 506. The computer may then check for traffic capacity 
problems within the network as shown at block 508, and if 
Where: capacity problems are present, the user may eliminate the 

CurrentTraffic is the current network input 402; problems by modifying the wireless network configuration 

ExpectedTraflic is the expected future network input 404; 15 display. Example modifications include splitting cell site 
CapacityofCellsite is an estimated or measured maximum coverage areas 510, adding a carrier to a cell site 512, and/or 
amount of voice and data traffic that a cell site can offloading sectors of a cell site 514. The computer may 
support; and check for capacity problems by comparing the future capac- 

% ofcellsileloading is a proportion of the cell site capacity ity inputs with expected future traffic. 

that is filled. 20 The user may then select a new future date or iteration as 

shown at block 516, to observe the effects of the modifica- 
The percentage of cell site loading allows a user to deter- tions and/or obgerve the effect of the expected future market 
mine which cell sites have capacity problems and which cell traffic. If a new iteration is generated, the computer may then 
sites have excess capacity. re-calculate traffic on each individual cell site as shown at 

In one embodiment, capacity of a cell site is based upon 25 block 518. Otherwise, the computer may generate an output 
measurements in the field. For example, a three sector cell rep0 rt and store the report in a database as shown at blocks 
site having one carrier may support 20 Erlangs, and this can 520 and 522. 

be determined according to a measurement of wireless The graphical representations of the wireless network 
signals received and transmitted. In another embodiment, may include various wireless communication equipment, 
capacity of a cell site may 1 1 11 1 ! ng to types 30 such as a BTS, BSC, or other entities superimposed over a 
of service. For example, as technology improves, the capac- geographic map containing cities and/or highways. The 
ity of a cell site may also improve. A carrier may currently display may include Erlang and data traffic capacity of each 
employ a second generation CDMA standard (i.e., 2G BTS. 

CDMA). However, in the future, the cell site may employ a piG. 6 illustrates one embodiment of a graphical repre- 
third generation CDMA standard (i.e., 3G CDMA). The 35 sentation 600 of the wireless communication system 100. 
third generation CDMA standard may improve performance The graphical representation 600 includes a title bar 602, a 
of transmission and reception. Thus, current and/or future menu an d tool bar 604, a file information window 606, a 
capacity of a cell site may be determined by calculating a general information window 608, a design window 610, a 
maximum number of Erlangs that a carrier can support due status bar 612, and legends 6U(a-b). The title bar 602 may 
to a technology employed, and multiplying the maximum 40 display a cursor location in longitude and latitude coordi- 
number of Erlangs by the number of carriers on a given cell nateS) as illustrated in FIG. 6, or the title bar 602 may display 
site. a zoom setting. The menu and tool bar 604 are similar to 

Referring to FIG. 3, the computer 306 may display the those found in Windows® based applications. The file 
graphical representation of the current network configura- information window 606 may have detailed information 
tion and/or the future network configuration on a display 316 45 about components within the design window 610. For 
such as a computer screen using a GUI. The computer may example, cell and switch information may be displayed 
use a GUI such as the imPACT RF software package within the file information window 606. The general infor- 
available from Sprint Spectrum L.R, of Overland Park, mation window 608 may have detailed information of the 
Kans. Other interfaces may be used as well, such as an file information window 606. For example, as illustrated in 
interface operable in accordance with the Windows® oper- 50 FIG. 6, cell site layer information may be displayed includ- 
ating system. The computer 306 illustrates the network at the j n g coordinates, cell labels, and current status of a cell site 
selected future date by loading the extrapolated future or BTS. 

network configuration according to the selected date. Each Design window 610 may display a graphical topology of 

cell site can be illustrated with an amount of Erlang traffic a wireless communication system superimposed over a map 
according to the calculated amount of traffic that will be 55 (a map is not shown for ease of illustration). Design window 
present on each cell at the selected date. 610 may be interactive, including applications such as zoom 

The computer 306 also can display capacity/loading prob- in and zoom out. Design window 610 includes multiple 
lems within the extrapolated future network configuration by B'I'Ss modeled using shapes and/or colors to indicate status, 
using different colors and shapes to illustrate traffic and For example, as illustrated in the design window 610, BTSs 
capacity loading problems. For example, a cell site can be 60 616, 618, and 620 are modeled with three pie shapes 
illustrated with three sectors. Each sector may be color- positioned around a circle. The pie shapes represent sectors 
coded according to sector traffic capacity. For instance, a red and the circles represent a BTS. A coverage area may also 
sector may refer to an over-loaded sector, while a white be displayed for each BTS 616, 618, and 620. For example, 
sector may refer to a sector with no load. The computer 406 BTS 620 is illustrated with coverage area 621 modeled as a 
can also locate a cell site that has the largest expected 65 hexagon. 

overload within the network and display a percentage of The status bar 612 of the graphical representation 600 
overloading on the cell site. may display information such as a project name, a market 
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ture, sequence and the like apparent to those skilled in the ai 
would still fall within the scope of the ii 



name, data, an iteration number, as well as capacity and 
subscriber information. For instance, as illustrated in FIG. 6, 
expected Erlang traffic is displayed showing an RF forecast 
followed by a call model forecast (i.e., 6,240/7,100). 

Legends 614(a-Z>) are further illustrated in FIG. 7. Each 
legend illustrates a status of subscriber load on a BTS. 
I egend 614a is a cell carrier legend. Each BTS illustrated in 
the design window 610, such as BTSs 616, 618 and 620, 
include cell carriers, such as 624, 626 and 628. Legend 614a 
depicts a number of carriers on an individual BTS using a l 
color or shading scheme corresponding to the number of 
carriers. For example, as illustrated in FIG. 7, BTSs 616 and 
618 have 1 carrier, while BTS 620 has 8 carriers. Legend 
6146 is a sector Erlang load legend. In addition to including 
cell carriers, each BTS in the design window 610 includes l 
multiple sectors, such as 630-638 as shown in FIG. 7. 
Legend 6146 depicts an Erlang traffic capacity percentage 
for each sector of each BTS using a color or shading scheme 
corresponding to the percentage. For example, as illustrated 
in FIG. 7, BTSs 616, 618, and 628 each have three sectors. 2 
BTSs 616 and 618 each have one sector with 110% Erlang 
load (i.e., 10% over capacity), and two sectors with less than 
50% Erlang load (i.e., less than 50% capacity), while BTS 
620 has two sectors with less than 100% Erlang load and one 
sector with zero load. 2: 

FIG. 8 illustrates an additional legend 700 that may be 
displayed within the general information window 608 of the 
graphical representation 600 illustrated in FIG. 6. Legend 
700 indicates shapes that may be used to represent a cell 
carrier of a BTS. For example, each BTS 616, 618, and 620 3( 
includes cell carriers 624, 626, and 628 illustrated as circles 
which may represent approved or currently in use BTSs. 
Alternatively, a BTS may have a cell carrier illustrated as 
any one of the shapes of legend 700. The shapes indicate 

such status of a BTS as Approved/Not On-Air, Proposed, 35 mstmc tions for causing a central" processing 
Future Cell Placeholder, Landbanked, Smart Antenna Sec- me memoc i 0 f claim 1. 
tor, or Beacon Cell. Squares represent BTSs that are 
approved but not yet on-air, and stars represent proposed 
BTSs. Proposed and future cell placeholders are represented 
with a respective shaded star shape. Landbanked BTSs are 40 
represented with a star shaped cell carrier as well. A beacon 
cell, or a BTS which is enabled to broadcast information 
about surrounding cells, may be represented by a BTS 
superimposed over a shaded circle. 

Additional graphical representations may be used that 45 
include more or less display information and more or less 
output information. The graphical representation 600 may 
be used in accordance with any wireless communication 
system, such as a time division multiple access (TDMA) 
system, a frequency division multiple access (FDMA) sys- 50 
tern, a code division multiple access system (CDMA) or 
others. Furthermore, the graphical representation 600 illus- 
trated in FIG. 6, is not limited to wireless communication 
system applications. It can extend as well to other commu- 
nication systems such as landline telephone systems or 55 
possibly data network systems such as the Internet. 

Those skilled in the art to which the present invention 
pertains may make modifications resulting itx other embodi- 
ments employing principles of the present invention without 
departing from its spirit or charade i icularly upon 60 

considering the foregoing teachings. Accordingly, the 
described embodiments are to be considered in all respects 
only as illustrative, and not restrictive, and the scope of the 
present invention is, therefore, indicated by the appended 
claims rather than by the foregoing descripti 
quently, while the present invention lias been described with 
reference to particular embodiments, modifications of struc- 



We claim: 

1. In a wireless communication system comprising a 
plurality of base stations each having a respective radiation 
pattern defining one or more sectors, a method of predicting 
future per-sector traffic in the wireless communication sys- 
tem comprising: 

receiving input indicative of current per-sector traffic; 
receiving input indicative of expected future market traf- 
fic; 

using the expected future market traffic to extrapolate 
from the current per-sector traffic to establish a measure 
of expected future per-sector traffic by a process com- 
prising: 

(a) categorizing the sectors into groups based on 
growth rate of traffic in the sectors; 

(b) distributing the expected future market traffic 
among the groups based on the growth rates of the 
groups, to associate with each group a respective 
group-portion of the expected future market traffic; 

(c) within each group, distributing the group's respec- 
tive portion among the sectors in the group, to 
associate with each sector a respective sector-portion 
of the expected future market traffic; and 

outputting an indication of the expected future per-sector 
traffic, wherein outputting the indication of the 
expected future per-sector traffic comprises outputting 
an indication, with respect to each of at least some of 
the sectors, of the sector's respective sector-portion of 
the expected future market traffic. 

2. A computer readable medium having stored therein 



3. The method of claim 1, wherein receiving input indica- 
tive of current per-sector traffic comprises receiving infor- 
mation that indicates, per-sector, a current amount of Erlang 
traffic, and a current amount of throughput traffic. 

4. The method of claim 1, wherein receiving input indica- 
tive of expected future market traffic comprises receiving 
input, which indicates a total amount of traffic expected for 
the market on a future date. 

5. The method of claim 4, wherein receiving input, winch 
indicates the total amount of traffic comprises receiving one 
or more of an estimated amount of future Erlang traffic on 
the future date, and an estimated amount of future through- 
put traffic on the future date. 

6. The method of claim 1 further comprising receiving 
input indicative of a distribution of per-sector traffic, 
wherein the distribution of per-sector traffic includes 
expected future per-sector growth levels. 

7. The method of claim 6 further comprising using the 
input indicative of the distribution of per-sector traffic with 
the input indicative of expected future market traffic to 
extrapolate from the current per-seetot traffic to establish the 
measure of expected future per-sector traffic. 

8. The method of claim 6 further comprising computing 
an expected growth scaling factor according to the expected 
future per-sector growth levels, and using the expected 
growth scaling factor with the expected future market traffic 
to extrapolate from the current per-sector traffic to establish 

Conse- 65 the measure of expected future per-sector traffic. 

The method of claim 1, wherein to establish the 
expected future per-sector tra 
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establishing, per-sector, a respective level of expected future 
Erlang traffic and a respective level of expected future 
throughput traffic. 

10. The method of claim 9, wherein outputting an indi- 
cation of the expected future per-sector traffic comprises 
displaying a graphical representation of the expected future 
per-sector traffic, and wherein the graphical representation 
includes color-coded sectors according to the respective 
level of expected future per-sector Erlang traffic and the 
respective level of expected future per-sector throughput 
traffic. 

11. The method of claim 9, wherein outputting an indi- 
cation of the expected future per-sector traffic comprises 
outputting a table including information relating to the 
respective level of expected future per-sector Erlang traffic 
and the respective level of expected future per-sector 
throughput traffic. 

12. The method of claim 1 further comprising selecting a 
future date, and wherein, to extrapolate from the current 
per-sector traffic to establish the measure of expected future 
per-sector traffic comprises establishing the measure of 
expected future per-sector traffic on the selected future date. 

13. In a wireless communication system comprising a 
plurality of base stations each having a respective radiation 
pattern defining one or more sectors, a method of predicting 
future per-sector traffic in the wireless communication sys- 
tem comprising: 

receiving input Indicative of current per-scctor traffic; 
receiving input indicative of expected future market traf- 
fic; 

dividing the expected future market traffic into market- 
growth level groups; 

assigning each of the plurality of sectors into sector- 
growth level groups, wherein each sector growth level 
group defines a traffic growth rate, and wherein each 
sector-growth level group corresponds to one of the 
market -growth level groups; 

using the market-growth level groups, the sector-growth 
level groups, and the traffic growth rate to compute an 
expected growth scaling factor; 

applying the expected growth scaling factor to each of the 
sector-growth level groups to compute expected future 
growth rates for each of the sector-growth level groups; 

applying each of the expected future growth rates to the 
current per-sector traffic of each of the plurality of 
sectors to establish a measure of expected future per- 
sector traffic; and 

outputting an indication of the expected future per-sector 

14. A system for identifying future capacity problems in 
a wireless communication system comprising a plurality of 
base stations each having a respective radiation pattern 
defining one or more sectors comprising: 

a processor; 
data storage; and 

machine language instructions stored in the data storage 
executable by the processor to perform functions 
including: 
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receiving input indicative of current per-sector traffic 
for each sector defined by a base station within a 
wireless communication system; 
receiving input indicative of expected future market 
traffic, wherein a user inputs the input indicative of 
current per-sector traffic and the input indicative of 
expected future market traffic into the data storage; 
using the expected future market traffic to extrapolate 
from the current per-sector traffic to establish a 
measure of expected future per-sector traffic; 
receiving input indicative of future per-sector capacity; 
comparing the future per-sector capacity with the mea- 
sure of expected future per-sector traffic to identify 
future capacity problems in the wireless communi- 
cation system; and 
outputting an indication of the future capacity prob- 

15. The system of claim 14 further comprising a computer 
screen to display a graphical representation of the indication 

20 of the future capacity problems. 

16. In a wireless communication system comprising a 
plurality of base stations each having a respective radiation 
pattern defining one or more sectors, a method of identifying 
future capacity problems in the wireless communication 

25 system comprising: 

receiving input indicative of current per-sector traffic; 
receiving input indicative of expected future market traf- 
fic; 

using the expected future market traffic to extrapolate 
30 from the current per-sector traffic to establish a measure 
of expected future per-sector traffic, wherein, to estab- 
lish the measure of expected future per-sector traffic 
comprises establishing future per-sector traffic loading; 
receiving input indicative of future per-sector capacity; 
35 comparing the future per-sector capacity with the measure 
of expected future per-sector traffic to identify future 
capacity problems in the wireless communication sys- 

outputting an indication of the future capacity problems. 
40 17. The method of claim 16, wherein receiving input 
indicative of future per-sector capacity comprises receiving, 
per-sector, one or more inputs selected from the group 
consisting of number and type of users, an amount of 
expected future per-sector Erlang traffic, and an amount of 
45 expected future per-sector throughput traffic. 

18. The method of claim 16, wherein comparing the future 
per-sector capacity with the measure of expected future 
per-sector traffic comprises comparing the future per-sector 
capacity with the future per-sector traffic loading. 
50 19. The method of claim 16, wherein, to identify future 
capacity problems in the wireless communication system 
comprises identifying per-sector traffic overloading. 

20. The method of claim 16, wherein outputting the 
indication of the future capacity problems comprises dis- 
ss playing a graphical representation of the per-sector traffic 
overloading. 
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